Introduction
P olysubstituted cyclohex-2-en-l-ones are versa tile reagents w hich have been utilized in h etero cyclic synthesis [1, 2] . A s a p a rt o f o u r program m e aim ed a t developing new, efficient procedures for the synthesis o f biologically interesting h etero cyclic com p o u n d s, using readily obtainable m a te rials, we have previously rep o rted several new a p proaches for the synthesis o f pyrans, azoles, azines and their condensed derivatives [3 -6 ] , In co n ju n c tion to this w ork, we re p o rt here simple a p p ro a c h es for the synthesis o f polysub stitu ted dihydrocoum arins, their thio analogues as well as their c o rre sponding d eh y d ro g en ated co m pounds utilizing the cyclohex-2-en-l-ones (1 a -d ) .
Results and Discussion
O n heating th e 6-acetylcyclohex-2-en-l-ones ( l a ,b ) w ith diethyl c a rb o n a te in toluene in the presence o f sodium , the reactions afforded, the correspond in g 5,6-dihydro-4-hydroxycoum arins (2a,b). Structure 2 w as su p p o rted by IR an d 'H N M R spectra; the la tte r exem plified by the 'H N M R spectrum o f 2 a w hich revealed the absence o f the acetyl g roup an d show ed three aliphatic sig nals a t 3.1, 3.2 an d 4.5 p pm integrated each to one p ro to n and assigned respectively to the axial m eth ylene p ro to n , the eq u a to ria l m ethylene p ro to n and the m ethine p ro to n o f th e C H 2-C H -m o ie ty . This behaviour o f the cyclohex-2-en-l-ones ( l a ,b ) to * Reprint requests to Dr. G. A. M. Nawwar.
V erlag der Z eitschrift fü r N atu rfo rsch u n g , D -W -7400 T übingen 0 9 3 2 -0 7 7 6 /9 2 /1 1 0 0 -1 6 3 9 /$ 01.00/0 w ards diethyl carb o n ate w as found to be parallel to th a t o f the o-hydroxyacetophenone derivatives [Ti lt is w o rth to m ention th a t w hen the reaction o f l a was carried o ut in presence o f 10 m ol equiva lents o f diethyl carb o n a te instead o f 3 m ol equiva lents, ethyl 5,7-di-(2-thienyl)-5,6-dihydro-4-hydroxycoum arin-3-carboxylate (3a) w as obtained. Its !H N M R showed a triplet at 1.1 ppm (J = 7 Hz) and a q u arted at 4.1 p pm ( 7 = 7 Hz) a ttrib u ta b le to the ethoxycarbonyl gro u p p ro to n s, along w ith a p ro to n p a ttern sim ilar to th a t detected in the spec tra o f com pounds 2. M oreover, the IR spectrum o f 3 a show ed an a d d itio n al carbonyl group a b so rp tion a t 1710 cm "1 assigned to the ethoxycarbonyl group beside the previously detected one at 1745 cm "1 in structure 2.
Sim ilarly, derivative 3 b could be obtained on reacting l b w ith 10 m ol equivalents o f diethyl c a r b onate under experim ental conditions sim ilar to those used for the p rep a ratio n o f 3 a.
The form ation o f 3 a, b is assum ed to proceed via the interm ediacy o f the corresponding dihydrocoum arins (2 a,b ) w ith subsequent acylation by diethyl carb o n ate at the C-3; sim ilar acylation by diethyl carb o n ate has been previously rep o rted [8] ,
In o rd er to prepare the corresponding d eh y d ro genated coum arins, 3,5-di-(2-thienyl)-cyclohex-2-en-l-ones (lc) was acetylated in acetic anhydride/ pyridine to afford the ethyl-5,6-dihydroacetylsalicylate derivative (4) in a good yield. W hen com p ound 4 was reacted w ith 1 m ol equivalent o f tetrachloro-o-benzoquinone in toluene (cf. [5] ), the acetoxybenzoate (5) w as obtained beside o-tetrachlorocatechol. S tructure 5 was established on the basis o f spectral d ata. Its 'H N M R revealed the absence o f n o n -aro m atic p ro to n s, except the ethyl and m ethyl p ro to n s and show ed instead the salicylyl 3,5-H as tw o d oublets located at 7.4 and 7.6 (J = 3 Hz) ppm . Its chem ical b eh av io u r was also in favour o f the given structure. T hus, it could u n d er go self-cyclization on heating at 240 °C in paraffin oil in the presence o f an equim olecular am ount o f sodium m etal affording the corresp o n d in g 5,7-di-(2-thienyl)-4-hydroxycoum arin (6) . Structure 6 was in accordance w ith the spectral d a ta (cf. [5] ).
In C o m p o u n d 10 a could be cyclized w ith m alononitrile in th e presence o f sodium hydride to afford the 3-cyano-5,7-dihydrothiocoum arin derivative (12 a). T he IR spectrum o f 12 a showed carbonyl an d cyano g ro u p ab so rp tio n s at 1720 cm -1 and 2200 c m -1, respectively; it also show ed an SH a b so rp tio n a t 3450 cm -1. M oreover, the *H N M R spectrum show ed an aliphatic p ro to n pattern simi lar to th a t obtained for its 5,6-dihydro-4-hydroxycoum arin analogue (2 a).
A n an alogous result was o btained on applying the sam e reaction to derivative 10 b and according ly the dih y d ro th io co u m arin (12 b) w as obtained.
In an atte m p t to prep are new cyclohexenone de rivatives, 1 -(2-hydroxy-3-m ethoxyphenyl)-3-(3,4-dichlorophenyl) pro p en o n e (13a) was reacted with ethyl aceto-acetate (cf. p re p ara tio n o f l a -d [10] ). H ow ever, the reaction afforded a pro d u ct w ith a m olecular form ula C 25H 25N 04Cl2 (m /z 474) and its 'H N M R revealed the characteristic piperidine p ro to n s p a tte rn [11] . O n these bases as well as IR and elem ental analyses, the N -acyl piperidine stru ctu re (14 a) was established for this p roduct ra th e r th a n the aim ed cyclohexenone or 3-acetyl-4-(3,4-dichlorobenzoxym ethyl)-8-m ethoxy-3,4-dih y d ro co u m arin w hich w ould be expected accord ing to previous rep o rts [12] .
A parallel result was ob tain ed on applying the sam e reaction to derivative 13b affording so (14b).
C In additio n , w hen the b en zocoum arin derivative (15 a) was boiled u n d er reflux in dioxane in pres ence o f an equim olecular am o u n t o f piperidine, the reaction afforded the co rresp o n d in g N-acylpiperidine (14a).
It is assum ed th a t b enzocoum arins (15 a, b) were produced via the self cyclization o f 16 evolving the phenolic O H and the ethoxycarbonyl group; sim i lar p ro p o sal has been previously rep o rted [13] .
T hus, som e p o lysubstituted co u m arin s w hich are not readily accessible are now available thro u g h simple procedures an d seem interesting for biological activity evaluation.
Experimental
M elting points were determ ined on a G allenkam p m elting p o in t a p p a ra tu s an d are u n co rrect ed. IR (K B r) were recorded w ith a Pye-U nicam SP-1000 spectrom eter. 'H N M R spectra were run in D M S O on a G E M IN I-2 0 0 spectrom eter, using TM S as an internal reference. M ass spectra were recorded at 70 eV w ith a V arian M A T 311A m ass spectrom eter. E lem ental analyses were perform ed by the C entral Service L a b o ra to ry in the N atio n al R esearch Centre.
C yclohexenones ( l a -d ) were p rep ared acco rd ing to reported m ethod [10] . 
5-H eteroaryl-7-(2-thienyl)-4-hydroxy

E thyl 5 -( 2-fury I) -7 -( 2-thienyl) -4-hy dr o xy-5 ,6-dihydrocoumarin-3-carboxylate (3 b)
Yellowish white crystals from toluene. Y ield 55% , m .p. 73 °C. H etroaryl) -3-(2-thienyl) -6-thioethoxycyclohex-2-en-l-thione (10 a, b) . General procedure A m ixture o f each o f the cyclohexenones (lc ,d ) (0.01 mol) an d Law esson reagent (4.04 g, 0.01 m ol) was boiled u nder reflux in dry benzene (30 ml) for 4 h. T he reaction m ixture was ev aporated un d er vacuum and the residue was dissolved in chloroform (2 ml). The desired fraction w as separ ated by colum n c h ro m ato g rap h y (silica gel) using acetone: pet. ether 6 0 -8 0 ( 1 :9). 
5,7-Di-(2-thienyl)-4-hydroxycoum arin (6)
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